Introduction
When a parameter of the corrugated pipe is changed, the force and deformation of the bellows will change. The change of the force and deformation of the corrugated pipes when a parameter changes after construction is obtained by the finite element models. Therefore, the stability rule can be analyzed and the feasibility improvement measures can be put forward to analyze the effect of various improvement measures. The reasonable waveform and plate thickness are studied.
The Research Methods
Finite Element Modeling. Finite element software ANSYS was used for modeling and analysis. The initial bellows parameter is 6m, and the corrugated form is 400mm x 150mm, i.e., the wave distance is 400mm and the wave height is 150mm. Symmetrical loading is applied with symmetrical modeling method. Choosing the right boundary as the symmetry plane. The thickness is 6.5mm, and the left margin of the corrugated pipe is 9m and 0.75m from the right side, i.e. 1.5m between the two tubes. Four basic wavelengths are selected on the axis. The height of the foundation is 9m, and The highest fill is 8 meters. The boundary conditions of the soil are assumed to be a chain bar bearing only the x direction of the left boundary. And the right boundary is symmetric. The ground surface is assumed to be the fixed end boundary condition. The structural finite element model is shown in figure 1 . The parameters of soil and bellows are shown in table 1. 
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All the research is based on the situation that completion of the filling that the total filling height is 8m. It is assumed that the deformation and force of the left and right tubes are the same. The stress and deformation of the number 1,2,3,4,5 and 7 points on the left tube are selected to reflect the stress and shape changes of the structure. The specific location of the test point is shown in figure 2 below.
Pipe Diameter Parameter Analysis
When the pipe diameter of the corrugated pipe is changed, the force and deformation of the bellows will change. We maintain the soil parameters, the other parameters of the corrugated pipe are unchanged, but only the diameter of the pipe is changed to study on the influence of the pipe diameter on the force and deformation of the corrugated pipes.
Deformation Analysis. When the filling height is 8m, the vertical and horizontal deformation of the left pipe is as follows. The deformation value is the difference between pipe diameter under load and initial pipe diameter. We assume the distance between test point 1 and test point 5 is L1 and the distance between test point 3 and test point 7 is L2. The vertical deformation value is the difference between L1 and initial pipe diameter d. The horizontal deformation value is the difference between L2 and initial pipe diameter d. We can see clearly on figure 3. The vertical and horizontal deformation of the left pipe of different pipe diameters is shown in table 2 and figure 4. Vertical deformation up is "+", downward is "-"and horizontal deformation to the left is "+", to the right is "-". The deformation value(mm)
The diameter of the bellows(m)
The vertical deformation The horizontal deformation As we can see from the diagram, with the increase of pipe diameter, the absolute value of the vertical and horizontal deformation increases. In addition, the rate of the increase decreases when the diameter become larger.
Advances in Engineering Research, volume 170
Tangential Stress Analysis. The tangential stress of the wave crests and troughs positions calculated of different pipe diameters is shown in table 3, table 4 and figure 5 below. The tensile stress of tangential stress is "+" and compressive stress is "-" It can be seen from the figure that with the increase of pipe diameter, the absolute value of tangential stress of each test point at the position of the left bellows is increasing. The maximum compressive stress is at point 3 of the crest, the maximum tensile stress is at point 1. The maximum compressive stress is at point 1 of the trough, and the maximum tensile stress is at point 7. When the pipe diameter is less than 3m, the growth rate of the tangential stress of the wave crest is faster. When the pipe diameter was greater than 3m, the growth rate of the tangential stress of the wave crest was relatively slow. It shows that the large diameter bellows removing part of the filled soil load, which has direct effects on culvert structure of load decreases, and lead to corrugated pipe culvert tangential stress value increase has slowed.
Wavelength Parameter Analysis
Deformation analysis. When the filling height is 8m, the vertical and horizontal deformation values of the left pipe of different wavelength is shown in The deformation value(mm)
The wavelength of the bellows(mm)
The vertical deformation The horizontal deformation As we can see from the diagram, with the increase of the wavelength, the absolute value of the vertical and horizontal deformation value of the corrugated pipes is linearly increasing. This is because long or shallow corrugated tube stiffness is small while short or deep corrugated pipe stiffness is large. Tangential stress analysis. The tangential stress of the wave crests and troughs positions calculated of different wavelengths is shown in table 6, table 7 and figure 7 below. Figure 7 shows that with the increase of wavelength, the absolute value of the tangential stress of corrugated pipe is linearly increasing. The change of the wave crest is smaller than that of the trough. The longer the wavelength is, the larger the contact area between the corrugated pipe structure and The wavelength of the bellows(mm)
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the soil is, and the ripple effect will be reduced when the filling load is applied, as the result the culvert will increase the stress, which is not conducive to the culvert structure.
Plate Thickness Parameter Analysis
When the thickness of the corrugated pipe is changed, the force and deformation of the bellows will change. We maintain the soil parameters, the other parameters of the corrugated pipe are unchanged, but only the thickness of the pipe is changed to study on the influence of the thickness on the force and deformation of the corrugated pipe. Deformation analysis.When the filling height is 8m, the vertical and horizontal deformation of the left pipe of different thickness is shown in table 8 and figure 8. The deformation value(mm)
The thickness of the bellows(mm)
The vertical deformation The horizontal deformation We can summarize from the diagram that with the increase of the thickness of the corrugated pipe, the absolute value of the deformation of steel corrugated pipe is significantly reduced. It is shown that the deformation of bellows can be controlled effectively by increasing the thickness of bellows.
Tangential stress analysis. The tangential stress of the wave crests and troughs positions calculated of different thickness is shown in figure 9 below The thickness of the bellows(mm) Figure 9 shows that with the increase of the thickness of the corrugated pipe, the absolute value of the tangential stress of the corrugated pipes is linearly decreasing. When the thickness of the corrugated pipes from 4 mm to 9 mm, maximum reduction is achieved 78%, shows that the thickness of the corrugated tubes had a greater influence on the change of the tangential stress of
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bellows. The greater the thickness of the bellows, the smaller the tangential stress value. Therefore, the stress can be controlled by increasing the thickness of the steel plate.
Conclusions
The deformation value of the bellows increases when the diameter of the bellows increases, the wavelength becomes larger or the thickness decreases. The tangential stress of the bellows will increase if the diameter becomes smaller, the wavelength becomes larger or the plate thickness becomes smaller.The corrugated pipe culvert can increase the bearing capacity of the culvert structure and reduce the deformation of the pipe culvert by adding plate thickness and using deep ripple. The larger the pipe diameter is, the more tube top load will be transferred to the surrounding soil through deformation. But in actual engineering, the size of the pipe diameter is determined according to the filling height and practical use of the steel bellows.
